Two rapid and simple methods were developed for the determination of natamycin in lactoserum matrix by ultraviolet (UV) spectrophotometry and liquid chromatography (LC) with diode-array detection. The methods involve protein precipitation with methanol, followed by centrifugation. No cleanup is necessary. The applicable concentrations of natamycin in lactoserum range from 2 to 500 mg/L for samples analyzed by both methods. The detection and quantitation limits are 0.07 and 0.23 mg/L, respectively, for the UV spectrophotometric method and 0.1 and 0.32 mg/L, respectively, for the LC method. The methods were applied satisfactorily to the determination of natamycin in various commercial lactosera. Both methods were validated independently by standard additions and Youden methodologies, which verified their accuracy. Once the 2 proposed methods were validated independently, the validation of one method was carried out with the other.
N atamycin, also known as pimaricin, is a polyene antifungal drug (Chemical Abstracts Service Registry No. 7681-93-8) with the chemical formula C 33 H 47 NO 13 . The polyene compounds are so named because of the conjugated double bonds that constitute part of their macrolide ring structure. The polyene antibiotics are all products of Streptomyces species; natamycin is produced by the actinomycete S. natalensis and also by S. chattanoogensis. In general, polyene antibiotics are unstable compounds that lose their biological activity in solution when exposed to air, heat, light, and chemicals such as acids and bases through oxidation (1) or change in the cis-trans configuration (2) .
These drugs interact with sterols in cell membranes (ergosterol in fungal cells, and cholesterol in human cells) to form channels through the membrane, causing the cells to become leaky. Natamycin is active against both yeast and molds without interfering with bacterial fermentation or ripening processes.
The principal use of natamycin is as a preservative in food to prevent superficial mold growth in cheese rind, with the advantage over other preservatives that it does not affect the taste and appearance of the cheese. It has also been used as a pharmaceutical drug to treat superficial mycotic infections of the eye, such as suppurative keratitis (3), amebic keratitis (4), and keratomycosis (5) . Recently, it has begun to be used as a preservative in lactoserum matrix in the dairy food industry. The use of natamycin in lactoserum handling is not clearly addressed in the regulations of many countries. The U.S. Food and Drug Administration specifies that this microbial-derived ingredient is an additive that may be applied only to the cheese surface with limitations (6) . The European Union has set a draft limit (1 mg/dm 2 ) on cheese rind, as reported in the International Dairy Federation (IDF) standard (7) . The Spanish regulation establishes a limit of 1.2 mg/dm 2 on the surfaces of sausages and cheeses (8) . However, no regulations have been established, to the best of our knowledge, for the use of this antibiotic in a food matrix except as cited above.
All the methods found to determine this drug have been described with respect to their application to cheese and cheese rind (7) (8) (9) (10) (11) (12) . These methods use various techniques for the determination of natamycin in cheese and cheese rind including microbiological (9) and immunochemical (10) procedures, spectrophotometry (11, 12) , derivative spectrophotometry (1), and liquid chromatography (LC; 1, 13). The spectrophotometric and LC methods were validated by a series of collaborative studies (14) . A combined spectrophotometric and LC method (12, 14) was adopted by the IDF (7) and the International Organization for Standardization (15) .
Lactoserum is a complex matrix consisting of water, proteins, fats, and mineral salts from milk (16) . The differences that exist between cheeses and lactoserum matrix made it necessary to use different procedures for sample treatment, and then new methods to determine natamycin in lactoserum samples. This paper presents 2 rapid, low-cost, and simple methods for the determination of natamycin in lactoserum samples by ultraviolet (UV) spectrophotometry and LC. Sample preparation, which is the same for both methods, consists of adding methanol to the lactoserum sample. The 2 methods were independently validated by using standard additions and Youden methodologies, which verified their accuracy.
Experimental
Apparatus and Software 
Sample Treatment
A 2 mL portion of lactoserum or an appropriate dilution was collected in a glass centrifuge tube, and 6 mL methanol was added. The tube was shaken mechanically for 1 min and placed in the dark for 90 min. The tube was then centrifuged at 3000 × g for 40 min. The liquid layer was transferred to a 10 mL volumetric flask and diluted to volume with water-methanol (1 + 3, v/v). This solution was analyzed by UV spectrophotometry. A portion of the solution was filtered through a 0.45 µm membrane filter and injected into the liquid chromatograph.
UV Spectrophotometry Procedure
Appropriate dilutions of the natamycin stock solution were made with water-methanol (1 + 3, v/v) to obtain standard solutions containing natamycin at 0.5-8.0 mg/L in 10 mL volumetric flasks. UV spectra of the standard solutions were recorded between 250 and 390 nm against a 1 cm quartz reference cell filled with methanol. The recording speed was 450 nm/min. The difference between the absorbances at 319 and 340 nm was used as an analytical parameter. To establish the analytical parameter, the difference between the absorbances measured at 319 and at 340 nm was calculated.
Liquid Chromatography
Appropriate dilutions of the natamycin stock solution were made with water-methanol (1 + 3, v/v) to obtain standard solutions containing 5-500 ng natamycin (0.5-50.0 mg/L, respectively), which were injected into the LC system for calibration. Aliquots of 10 µL of the standard solutions were injected into the liquid chromatograph equipped with a Nucleosil MOS LC column (100 × 2.1 mm, 5 µm particle size) and operated in the isocratic mode. The mobile phase used was acetonitrile-30mM perchloric acid (35 + 65), pH = 1.6. The flow rate was maintained at 0.5 mL/min, and the analytical signal (peak area) was measured at 305 nm.
Results and Discussion
Lactoserum is the aqueous phase that separates from the curdle in cheese or during casein elaboration. The composition of lactoserum depends mainly on this process, but most of the water contained in the milk remains in the lactoserum, which contains the soluble substances from the milk in different proportions (lactose principally, and soluble proteins and mineral salts). The lactoserum matrix is a suitable fermentation medium for the lactic bacteria; the antibiotic natamycin is added to avoid this degradation. To determine this drug, it must first be extracted from the aqueous matrix. Natamycin is almost insoluble in many solvents, including chlorinated hydrocarbons, aromatic or aliphatic hydrocarbons, higher alcohols, ethers, esters, and water among others. Several solvents were evaluated for extraction of natamycin from lactoserum samples. Methanol was selected for 4 reasons: (1) natamycin is soluble in methanol; (2) solutions of natamycin in aqueous or pure methanol are stable; (3) methanol can precipitate proteins; and (4) methanol has a low level of toxicity.
The extraction of natamycin from lactoserum matrix is influenced mainly by 2 variables: the percentage of methanol and the centrifugation time. To select the best extraction conditions, 9 experiments using lactoserum samples spiked with natamycin at 5 mg/L were carried out by simultaneously varying the percentage of methanol and the centrifugation time (Figure 1 ). When the methanol percentage and centrifugation time increased, percent recovery also increased. This behavior was attributed to the solubility of natamycin in methanol, which is greater than in water, and logically the extraction improved when the centrifugation time increased. Therefore, for this study, we selected water-methanol (1 + 3, v/v) medium and a 40 min centrifugation time to extract natamycin from lactoserum samples. These conditions gave recoveries of almost 100%.
The effect of natamycin concentration was evaluated under the extraction conditions selected. The results showed that extraction efficiency remained constant and was close to 100% for natamycin concentrations of <5 mg/L in the lactoserum samples, and that it decreased significantly for natamycin concentrations of >5 mg/L (Figure 2) . Because of this effect of concentration on extraction efficiency, the polyene content of a lactoserum sample must be estimated before it is analyzed; if the level is 5 mg/L, an appropriate dilution with water must be carried out.
UV Spectrophotometric Method
The hydroalcoholic solutions of natamycin exhibit a very characteristic UV spectrum. In water-methanol (1 + 3, v/v) medium, the presence of 3 absorption maxima at 291, 305, and 319 nm (Figure 3) can be noted. The spectrum of a lactoserum sample spiked with natamycin at 20 mg/L and treated as described in the sample treatment section contains absorption maxima only at 305 and 319 nm because of the gradual increase in the background with the decrease in wavelength. Shown in Figure 3 is a spectrum corresponding to a lactoserum sample free of natamycin and treated as described in the sample treatment section.
In general, extracts of biological samples exhibit high background absorption in the UV region, which must be cor- rected before the absorption spectra are used. Several approaches have been tried in analyses of cheese and cheese rind for natamycin: the precipitation of interfering extractable compounds by cooling at -20EC (12, 13, 18) ; the use of net absorbance of the maximum at 317 nm, obtained by subtracting the average absorbance of the minima on both sides of the maximum itself (12) ; and the use of derivative spectrophotometry (1, 19) . In the last approach, the second-derivative spectra of the methanolic extracts of cheese were used for natamycin determination (19) ; the method has acceptable precision, but the detection limit is not better than 2.5 mg/kg. Fletouris et al. (1) proposed the use of third-derivative measurement at 322.6 nm combined with the substitution of aqueous acidified acetonitrile for methanol as the solvent. The detection limit was lowered by an order of magnitude in this last procedure. The procedure can be simplified for the lactoserum application, and the zero-order spectrum can be used, because the background interference is not as high as it is in cheese and cheese rind. The 319 nm wavelength was selected for the absorbance measurements because in the spectrum of the lactoserum sample that contained no natamycin ( Figure 3A) , the absorbance signal is close to baseline; thus, any absorbance at the indicated wavelength in the spectra of lactoserum samples is due only to natamycin. The net absorbance used as an analytical parameter was calculated from the difference between the absorbance measured at 319 nm and that measured at 340 nm, where natamycin shows no absorbance signal.
LC Method
In the LC methods found in the literature for natamycin, the mobile phase used is methanol-water-glacial acetic acid (60 + 40 + 5; 12, 13). In order to reduce the percentages of organic solvents, experiments were performed with methanol and acetonitrile at different pH values. The mobile phase finally selected contained 35% acetonitrile buffered at pH 1.6 with perchloric acid. A chromatogram recorded under these conditions is shown in Figure 4 .
The UV spectrum of natamycin was recorded online with the diode-array detector between 200 and 400 nm. Chromatograms were recorded at 305 nm, where the natamycin spectrum shows maximum absorption (Figure 3 ).
Analytical Parameters for Both Methods
Calibration graphs for standards treated according to the analytical procedure described above were obtained for both methods. They were linear for the nitramycin concentration range 0.5-8 mg/L in water-methanol with the UV method and for 5-500 ng natamycin with the LC method. To check the linearity of the calibration curve, the lack-of-fit test was applied to 4 replicates of each standard analyzed. The results for the intercepts (a), slopes (b), correlation coefficients (R 2 ), and probability levels of the lack-of-fit test [P lof (%)] are summarized in Table 1 . The data show good linearity within the ranges studied.
For the UV method, the detection limit (20, 21) and the quantitation limit (22) were obtained from the standard deviation of the blank by following the recommendations of the International Union of Pure and Applied Chemistry. Ten lactoserum samples free of natamycin were treated as described in the sample treatment section to obtain the standard deviation of the blank. For the LC method, these limits were calculated from the standard calibration function (23) and are reported in Table 1 .
The precision or relative standard deviation (RSD) of the method was stablized as described by Cuadros-Rodriguez et al. (24) from the calibration graph, which allows the precision obtained for each concentration value [RSD(c) %] to be represented, and, by interpolation, the precision for any value in the calibration concentration range (Table 1) .
Validation and Application of the Methods
The proposed methods were applied to lactoserum samples provided by a food company located in Granada (Spain). The validation of the methods was performed by using the standard additions methodology (25) . Three experiments were needed to apply the proposed statistical protocol: (1) standard calibration (SC), (2) standard additions calibration (AC), and (3) Youden calibration (YC).
The SC was obtained as described above. The AC was obtained by standard additions of natamycin (0.0, 2.0, 4.0, and 6.0 mg/L) to diluted (1:10) lactoserum samples previously spiked with natamycin at 50 mg/L; the sample volumes were always 2 mL, and the samples were treated as described in the sample treatment section.
The YC was obtained with the Youden method. Increasing volumes of spiked lactoserum sample (0.8, 1.2, 1.6, and 2.0 mL) were checked for each of the above-stated concentrations. Water was added when necessary to reach 2 mL, and the samples were treated as described in the sample treatment section. The spiked lactoserum sample used for this purpose was the same sample used to obtain the AC: a lactoserum sample spiked with natamycin at 50 mg/L and diluted 1:10 with water. By applying linear regression analysis, the slope, intercept, and the regression standard deviation were calculated for each curve and are shown in Table 2 . The number of measurements made in every case, n, also appears in Table 2 . The similarities between the SC and AC slopes were corroborated by applying the Student's t-test, and the pooled slopes, b p , were calculated and reported in Table 2 . The use of these b p values gave new intercepts, aN, for SC and AC.
To study the matrix effect, the statistical interval established by the aN value obtained for SC was calculated. Because this interval included the corresponding Youden intercept, the absence of a matrix effect was corroborated.
To check the accuracy of both methods, the concentrations of the spiked samples from SC (c x,S ) and AC (c x,A ) were calculated, and they were checked with a Student's t-test. If the null hypothesis is accepted with a significance level (P) >5%, then it is inferred that the proposed methods are accurate because of the similarity of the results for the analyte concentrations c x,S and c x,A , which are not significantly different (Table 2) .
Once the 2 proposed methods were independently validated, the validation of one method was performed with the other. The results obtained by applying the 2 methods to the analysis of 3 lactoserum samples spiked with natamycin at 5, 50, and 500 mg/L were evaluated by the F-test, which compares the variances of 2 groups of data. The P-values obtained did not indicate significant differences in the results when natamycin was determined by the UV and LC methods (Table 3) .
Conclusions
UV spectrophotometric and LC methods are presented in this paper for the determination of natamycin in lactoserum samples. Both methods are useful for routine quality control because of their simplicity and rapidity. Sample treatment, which is the same for both methods, consists of a simple liquid extraction using methanol.
